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1 3 

•5mi^Si£^t>*^2©Si£{Cj:^^J^^5:ffJMLT (fc£U MSJSiC^- 
£ ft jao, m<Bgj£©£fi»G>fcA>p, q> -So, H 

2®«ig(Z)±^|gtO«B>p > q, So, A*B>Ci:tS) , ff^M^m=C 
" d mod p * q *J&tb&fr8><D'<£fkm&nn$&WX*2b^T. 

- 1 ) iZ£Z>ffl&ma P IC»0*£, CCp * dp) *B mod pXfcfcdftlC 

- 1) JC<fcSffiI^ffid qJCS^Jg, (Cq'dq) *B mod qX«3*UC 

itflBS l ^5l^ 2 CD^a#mtc J: V$t$>t>fttz.mfflik&3tmzm^g. &p * 

Mian 3 ©^m^sk: j: y n &ttfla£f&**3i £ 2 it^jatc^m u x 

MfHH 1 Mmffl&mc p = C mod P ojh&m&i^ B " 

2 mod p <Dffl&mm%l£.<DRN S=£>zi* U^USrffV^ d ftlC J: »j flf 
ftfc«I^S3StC0V%TJi«»&t8fiB»!l^ffid P = d- mod (p-l)fc-f 
SRNS^^J^'MSHISfT^IillCfcot, (Cp'dp) *B mod 
p'XtiiftlCp^iB^.e>ftfcli©S!l^^S:#«>, 

BtffB^2©^S^li> q =C mod q <DM&&3&WL B * 

2 mod .qCDi^ltCRN S^E^dT^ U^IS^ffW Zlft{Cj:U#^ 



ffif£# 2001-3084634 



#2001—013565 



n,fcM&&&mz~>\,\xm&&*ffimm&md <i = d mod u-n 

5RN S^>=f;* V<£m%fto ^illCioT, (Cq'dq) *B mod 
q Xtiitiic q tfjn*. e>*ifc«©3H^*3S 3 £ tSS^S 1 

P, q&tfd fcfe^lC, ffriBSHjfcftd p = d mod (p- 
1 ) && tmm&m d q = d mod (q- 1) 3r#ftSfcftCD#©S:3IJCfli 

[»#3C4] 

#rfiEA°^-# q.©efeptCfe^sa*7Cq i n v = q " (-1) mod p (DM 

#aic <t *j m e> titcmmm^mm t mm^ ? * - z p v>m q tc & # & ^ p i 

nv = p' (-1) mod q <Dm&3fiitMZ. <Z> RN S * y if* U ^BMf V> 
, 3ti{cj:oT#e>tifc0J^^^i:Btff2^^^-^ P©0J^^s*^i:^)RN s 

laot, tfraa^p * qfcfc^rc * d £.&mv&z>mmm' (Dm&&mm*& 

BrfSBA'^ ^ - # p &tfirffB/\ 0 ^ * - # q MtftC t&SB&TG P i n V fttftifiHj&TG 

q i nv**n^n2MjR*^&»^**^C*»t-*&ft©#«SHJC#A 

f&iBA^*-* P&tf q £%»£IC, ffrSB^P i n v = p " (-1) mod 
q&tft&IBA^;*-* q©*SpCfctfS&7tq i n v = q " (- 1 ) mod 

p $:#ftSfeft©#a$:35{cfS^fe3i:$:#^:i:-rsit^:^5{cfH«(Z)^^m 

2 ffittE#2 0 0 1 - 3 0 8 4 6 3 4 
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ItffH^- # CMtf tct&|Hr?9 * - * p ^t>* q & *i i: IfjfB^J^MC P = C 
mod p&tff«fa0J3HIC q =C mod q £>fc#).5 £<&tf)^IB£HfCtfix. 

pi, q i, d i <Dfrizfc&-fz>m&&mm<D7 £ -$ t^mtM»x^^m'mL 

[ff^guoj 

ttfts^i ®^s^is>&^m2(Z)^^tt^ne 3 <D^©^^< 
b# c n^-r & 3 i: & #$t 1 1 & 1 izmmco^ z mmmmmm* 
m&mi 1 ] 

fatal! 1 <nmm^mjkz$m 2 (Dmm^mmmmmammz t. \zno mmz-o 

Z\<D^mZ& U#e)tl^P * qTR^COBrjfHMmm' ©ifiXlip * q J^JtODttrfH 
^ifcm' fr^mSiaifcp * q £MC6^£C=fcoT#£p * q^©'®*:, m = 
C'd mod p * q £?&t&<D^m.£Z^t!Z£ZW®L£-tZ>m&mi IZ 

m&mi 3] 
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[f*«14] 

C&m&yL^^*-* P, q, dlCoV^T, m®L<DM$5L<DMfrb& 

itis^S&JcttSv^sii, So, mi ©»ii<z)£SSf$:<z>«A>p, <i> So, H 

2©3Sj£<Z>£J8fjR<BjKB>p, q, la A*B>Ctt§) , m = C* d m 
o d p * q $:*«!)6fcfc©^tilJMI«^oT, 

IfflS^-^C^plCcfcSPJ^fflC p^Sll^^&tftiffBA'^*--* dtf) (p 
-1) (CJ:l»fJMdp{CS^t, (Cp'dp) *B mod pXte^tUC 
P ##D/l £ *lfcte<Z>i!|jfc**gi 5 £ £ =fc> IC, SuSH^- # C <D q IC <fc 

mc <KDffl&&mmx.T*mmrt5*-& d© (q-i) ic^sasbaHgd'qtcso* 

(Cq'dq) *B mod q XttdtlJC q tftUTL £ ftfe«0>!W4WR*33I 
C»#«l 5] 

*tiS^fiEaid:2vMC^ So, Il©ll0^|[ffllA>p, q, So, £ 
2<Z)»£©^Sff£<Z>«B>p, q. So, A*B>Ci:t§) > m=C"d m 

o d p * q z&fozfe&KD^gmM&^wmnt hxny^a.-^ ^mm^ 

-1) (C£S£hfrf!d plC«o"£, (Cp'dp) *B mod pXliititC 

tifffi-?-#C<BqlCj:S#Jjfr!BC q^SBf^^&tftfrSE/^* -* d© (q 
- 1 ) tC J:SS!fj^ffld q lCgo*#, (Cq*dq) *B mod qXiiitliC 
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ifffHm 3 (D ymmmz <k y m *> n t=. mmm&?kmm & 2 mmmmzwzm l t 

[§M16] 

£*i££siMsv^ci^ 5.0, ^1 cDajg©^m©aA>p, q, 5.0, m 
o d p * q z&tbztcaKD^gmffl&tmmnt. urnvt?^-* &$§fg£i± 
mmT-zc<Dpiz£z>mi&Mc p (Dffl&&mmRz$ww*^ * - z d© ( P 

- 1 ) (CJ: -5 0J^#d p {C^t5^. (Cp'dp) *B mod p3G±r*WC 

p * <=> n £ ffl & # #> ^ £ & (o % 1 © mmmm n , 

f&iB^-#C© qC£3lI£HlC q^)0i^^>5Lt>*SffgaA^^-^ d© (q 

- 1 ) (C i^PJ^Hd q {Cg^, (C q * d q) *B mod qXte'*UC 

q muz. ^ n fcmnm&ihm&L z ^ & & £ * 2 (Dmmmm t. , 

tffIB^1^^2(D^S#tgCJ: U^^^n^WM^^JC*^^. &P * 
qC^T'C" d ^^|sJT'fe-5^m' CD0^^Ji$:^^5fe^©m 3 

[0 0 0 1 ] 
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mod P * q**to&fcto<D'<&mM&mnmujkv*£mM&tf&i3mKm 

[0 0 0 2] 

mmwin cmmmm a>m^mm^mt^^m^ (Residue n u 

mber System:RNS) ^3?£^<-5UC, &BMWIH£(D7/l/=f U XA 
[0 0 0 3] 

lit, rnsm (^^jg) iz-D^xmrn-tz. RSAm-%&z<b4kffl 

nm^n^>(D\%mm^ 2 H LfcSBffciS (Radix representati 

on) , ^t>yp2>2mmmmx*$>2> 0 ^nmtm^^iz. x , a 2 

, a n zmni,* m&x.%*np><Dmiz&&M&fex. 1 , x 2 , x n <n 

x ^ = x mod a 1 > x 2 ==x m °d a ^ » x n ==x m °d 

a n 

[0 0 0 4] 

J^Tl?tt, R'N S^T*MVNS^<5Dm-a-S:, &m (base) ZtySlbtof 1 ? 
a = (a 1 , a 2 , — , a n } 
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a = { a ^ , a 2 , — , a n } 

a ©MiOiA= a j * a 2 *-*a n 

i: Lfch^tc a ^mv^ rn s^icj: y A3zm(DiEmmzmmT*gz>a 

[0 0 0 5] 

J^TT'ii, Sl£a S^Stlfcgl&x < x >_ a ~em^%<D 

<x>_a= (x 1 , x 2 , — , x n ) 

= (x mod a j , x mod a 2 , x mod a n ) 

[0 0 0 6] 

j^t©^wt% zmmommzm^zm&iz, mma= u x , a 2 , 

— , a nl } £:S£b = {b 1 , b g , — , b n2 } {CoVnT, a U b (i, {a 1 

, a 2 , — , a nl } t. {b 1 , b 2 , b n2 } £gt U <x>_aU 

bit. aj£aUb}Cj;Sx(Z)RNS^?:*t <x>_aUb&, 

<x> a= (x mod a^^ , x mod a g , x mod a nl ) £<x> b= (x 

mod b x , x mod b g , •», x mod b n2 ) = £f=.. Z.<D&&iZ % 
2 WiHn 1 = n 2 - n t ITliit^. 
[0 0 0 7] 

<x>_a + <y>_a (mod A) = (x^ + (mod a^ ), x 2 + y 2 (mod a 2 ), x 

n + *n ( mod a n » 

<x>_a — <y>_a (mod A) = (x^ — yj (mod a-j^ ), x 2 — y g (mod a 2 ), x 

_ — y„ (mod a„ ) ) 
n •'n v n '' 

<x>_a * <y>_a (mod A) = (x^ * y^ (mod ), x 2 * y 2 (mod a 2 ), — , 
x n *y n (mod a n )) 

±m<z>w.Mz. zn^ti. RNsmn, rns*», rn smnnws 
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[0 0 0 8] 

[0 0 0 9] 
[0 0 10] 

RNSt^^'JUSli, ^pt©IMSiI «x>*<y> (mod 

n) ) ic&u vmn£.m*ti&^m*RN smmx-ommzmm? 

[0 0 1 1 ] 

[RNS€>^'Ji|[:MM ( <x>_aUb, < y >_ a U b , N 
aUb ) ] 

Ail : < x >_ a U b , < y >_ a U b , N 
fc£U x, y < 2N 
: a , b 

fe£U x, y, N < A, B 
ffiij : <w>_aUb 

f=.t£h. w=x*y*B A (-l) mod N 

Step-M-0 : < (-N A (-1)) >_ b &ff Jf^S . 

Step-M-1 : <s>_a=<x>_a * < y >_a SrffjgcrS. 

Step-M-2 : <s>_b=<x>_b * < y >_b SrffWfS. 

Step-M-3 : < t >_b =< s >_b * < (-N " (-1)) >_b SrltlT 

Step-M-4 : < t >_ b £< t >_ a ^JS^^S „ 

Step-M-5 : <u>_a=<t>_a * <N >_ a &ft3¥'** 5. 
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Step-M-6 : < v >_ a = < s >_ a + < u >_ a %tfW-1r Z> a 
Step-M-7 : <w>_a=<v>_a * <B " (-l)>_a &ftlt5. 
Step-M-8 : <w>_a ^<w>_b AlJUifS. 
[0 0 12] 

±IHCD#jlK(De>*>Step-M-4^>Step-M-8©ajS^SI»> &£«/glC£ 

S*JS<t>_a) S#ib5»n»»S. 
[0013] 

[0014] 
[0 0 15] 

[RNS^V^'J^titMEXP ( <x>_aUb, d, N, a 
Ub ) ] 

AiJ:<x>_aUb, IB»d=(d_k, d_k-l, d_l 
) _2, 

fc£U x < 2N 
3£J£ : a , b 

££U x, N < A, B 
ffiij:<y>_aUb 

f:f£U y = x"d*B'(-(d-l)) mod N 

Step-E-l : i=ki:t*-5c <y>_a U b =<B>_a U b ttSo 
Step-E-2 : < y >_ a U b =MM « y >_ a U b , < y >_ a U b , N 
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, aUb) £ffH-r3 0 

Step-E-3 : d _ i = 1 & h tf, <y>_aUb=MM « y >_ a U b , 
<x>_aUb, N, aUb) £ftH-r£o d _ i 1 & b fcf, JfeKlfcLfcV^ 
(nop) „ 

Step-E-4 : i = i- Ut§ 0 

Step-E-5 : . i = 0 £ myt£c i*0fce>&, Step-E - 2 ^\J|& = 
[0 0 16] 

±m<Z>^M<no-*>, Step-E -2 ^Step-E-3 T?(Z) MM ( ) &fCS& 

99 l r n s ^ y 3* y mm zm^a 

[0017] 
[0 0 18] 

R S Aft#tt, (N, e) , m$$m (d, p, q) lC*fU C=m A e 

mod NT?¥:fcm&l©#:ftCJCHgF-&a?t£U m = C'd mod NTBgf-^ 
JCCZ^JimlZ'&^mMtZ* Zir^ £^§§T'&£&Ntf)®^fiiH^P> q & 
WfflLTl|[^*«&J:y'*fr.a|8WK:^fT^«tf*tfeTf»S, ^MI^aSS (Chi 
nese Remainder Theorem:CRT) ZfflFB Ufe^^^ff 

[0019] 

<crt^ mffl&tm^m> 

(Step-C- 1) dp = d mod ( p — 1 ) 

dq = d mod ( q — 1 ) 
(Step-C- 2) Cp=Cmodp 

Cq=C mod q 
(Step-C- 3) mp=Cp"dp mod p 

m q = C q * d q mod q 
(Step-C- 4) m= m p * ( q (-1) mod p) * q + 

m q * ( p (-1) mod q ) * p (mod N ) 
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JtSB©#)gfC33V*T, dp, d q, (q " (-1) mod p), (p A 
(-1) mod q) £VAo£A^*-#te®^t<Z)^C^#-r3<Z>-e, *gff{C|t 

[0 0 2 0] 

cRT^^mmmmcDtmrnit. ^<D^mm^^ (ste P -c-3) <z>^g 
itsi:> 2mmmv<D^mmi^$mt crt ^^mmmmmmm^mi 

/4T'feS^i:W-5 0 (Step-C-3) (D^fUftli: £ 2 ocDftJf 0j& 

T'lHl^fC^f f 4X«ft#^K«^ 1 / 8 ICTfg*. 
[0 0 2 1 ] 

LfrL&#*>, RN S^>rf* U HIIC J: S R S Aff ifi{C* C R 
[0 0 2 2] 

[0 0 2 3] 

[0 0 2 4] 
[aiffi£fl?&-f £fc#><Z>#Jg] 
##gfEte, «^-#C&r>l!ft:£/\°:7*-# p, q, d tco vat, W&omWL 

mgm^£ti£±mm*K^izm. _&o, n®sji0M!S[0iA>p I q 
, r-d, m2<Dm&(Di£Mm.<z>mB>j>, q , so, a*b>c^i-§) , tt» 

^m=C A d mod p * q Z$LtbZ>tz.#><D'<%mffl&ifg-mm'V2b'DT. 
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1) lZ£Z>M£m& plC^£> (Cp'dp) *B mod pX«£*UCp 

qiZ&ZmikmC q(Dm&&m^RZ$Mm^ : 7*-Z d(D (q-l) tC<fc£i(b& 
idqjCld^, (Cq'dq) *B mod q Xte3*UC q mil*. <b tlfeffi 

[0 0 2 5] 

#£L<te, f&fHfl 1 ©#J3S#l£te. BfffHPI^ffiCp=C mod p ©ffj^ 
^JI£B*2 mod p<DM&&m%l£.<DRN S=Eyzi* UfH#&??V^ Z\ 

ftiz£vmbfttffl&&mmiz^^Tmm®zffimffl&md p = d mod c 

P-1) tt^RNS^^i^'J^gi^f^tiaot, (Cp'dp) * 

b mod vxizz\nizvtfM^%nr=.m<Dm£?kmm%:$.ib. mmm2<DM 
m^mz. mmm&mc q = c mod q ©m^*^ b - 2 ' m o d q 

lZ-D^Tmmi3*:Mmffl&ma q = d mod (q-l) tt5RNS i E>J 
* U^£Sli£?fe> r iltCioT. (Cq'dq) *B mod qXttltllCq 

[0 0 2 6] 

i?tL<tt, mmms(Dmm^mt, mzmi<D#im^mz&>)mbnf=.mm 

ffllfeZhmmtrnmrt^*-* qCA&ptC&tf^^q i n v = q * (-1) m 

od p(Dm^m.mn(DRN s^>=r* ujnn^fv^ ztnzj:^xm^nr^ 
mm 2 <nmm^m iz £vm*> n & m&m&&&m t mm^ ^ * - # p ©& q tc £ 

t?5i7tpinv = p* (-1) mod q ©PJ^^i: <D R N S ^ y 3* 
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[0 0 2 7] 

l < mmm 1 ©M^is&tMg 2 <z)^si#^i±-eti ^omio* < 

[0 0 2 8] 
[0 0 2 9] 

EfiJCp * q $:iCSi^{Cj:oT#t p * q ;fc?S<£>ifi£, m = C A d mod 
P * q t-t^t^^XD^mti^ti J: Z>iZLX^) cfcV^ 
[0 0 3 0] 

Mtf-^CM'MA7^-^P, q. dlCC^T, 

P, q, fiO, H2(Z)«i£<7)^:MfS:(Z)aB>p, q> lo, A * B >C tS) 
, m = C~d mod p * q £ fc&XD^gmffl&ftMJj&T'ab o T, iff 

iB^-^CCDp tCcfc^PJ^C p©0J^^*Jg^t>*Brffa7\ o ^^-^ d© (p - 1 
) (C£££f&fgd p lzm-3%. (Cp'dp) *B mod pXlidtUCptf 
#D/L &ft&ll©*te**«#«>* £ fcfctc, busBt-*- # C© q tcfcSiajjkteC 

qC^J^^&tfMfBA^*-* d© (q-1) »Cj:SHF^fild qlCS^S, 
(Cq*dq) *B mod qXltZftK <lWM&bft1tte<Dm&&&8l : && 
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[0 0 3 1] 
[0 0 3 2] 

5 3tm5. Mill ilf^^&spJMUfc^sm^aiifSietCTRSA 

[0 0 3 3] 

[0 0 3 4] 
[0 0 3 5] 

#ff#=£»l&, RNS*HS*lfe»»S:aii:tSRNSS»»l 2, 2 5ijK 

RNSaiHl 2{Ctt, RN S&jtlftirglS ( I NV) 12 2, RNS^lf;* 
'J*** (MM) 12 3, RNS^^i^'MtigP (MEXP) 12 4, RN 
Sil» (MUL) 12 5, RNS#mgP (ADD) 1 2 6 , fg 1 <Z>X3£$&ffi 
(2 3t|R*3K-*RNS*3S3Elft») 12 7, W.K&jmmm (RNS^MI 

1 4 ffi§E# 200 1 - 30846 3 4 
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3^2mmmm) 12 s, mi 2 i##£ir z> a 
2mmmm-z<z>ffi9f}Wtemnu£ utn sihfcf-fiitsis 1 2 9 £#nMir3Pi 3 0 

^±<z>#^lfStf>e>l^1g®T*¥&RN sM^#li 2-e&£ 0 

[0 0 3 6] 
[0 0 3 7] 

RNS€>^ Um^BP 1 2 3 it. 5fe{C|iibfcRN S^>rf* U^S (MM 

) ?H?e> 0 

rn s.^>=r* y^fnap 1 2 4 sfcics&fEL&RN s^yzi* v^zm ( 

MEXP) £??e> 0 

RNS$fil2 5tt, SfctCl&EE bfe RN Smm (MUL) &ft? a 
RNSfl&3H 2 6» % ftlMlfeRNSM (ADD) Zftv* 

mznmmm^ 1 2 8 RNsmm-^^zmmmm^^m^noo 

ztibiz-D^xi*. Mx.lZ> Jcffi r^M, feW, )\m, a Cox-R 
o we r T-*T?1 L VlZ£2>-&m.temi} : £y3* iJilS" , S C I S 2 0 
00, B22, 2000J &C#LV^ 
[0 0 3 8] 

RN Sm^ttWrn ( I N V) 12 211 <x>_a?:AiJi:lt<-x A (-l) 
, xj (mod aj ) ^?>, -Xj * (-1) (mod a j ) £ft#t"£„ 

(StepO) mj&a j icMt^Ca r m i c h a e 1 BBtfc X (a { ) ^ff^L 
> fB'llS (ROM) (C##LTJ3< 0 Carmichael Mi&U ©J^lft&ft 

-ra^tus, uj#i»=i\ r^Bt-^j , mmmm. p. i 6 - jc 

^£*iT^£ 0 X (aj ) <D¥y X\ta i <T>\Zv hit-f XJ^TT*3b£ 0 
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&a j £.K\<^zm&±Z(Dx « a j ) iZMLX. x " X (a j ) = 1 (m 
o d aj ) fC&£„ ^It'liA^Jx £ LTR S AHt#(Z)M^p, q (jRUt) 

(Step 1 ) x j (-1) = x i A U(a i )-l) (mod &i ) 5:1 

(Ste P 2) -xj "(-D=a i -x i A (-1) IC j: y ffgfS. 
J2Ut<Z>fmtf)5*>, (Stepl ) fcfcCarmichael Rfi& A (a j ) 

[0 0 3 9] 

SbkftM 1 2 9 251»^©«l»axi:|»«yS:A*bT, x (mo 
d y) SrffMt-rs. i<Ott-##«J*a#©l»J!'Tf*ff «rtiT*& »J , M^tf "K 

nuthi, wimjtm. mwLm%m/%ffim%\ , ^-rx>xt±, P . 90 

" tc*t£*iTv\£ 0 Bfe, x 1 * x 2 fclffCtfJMfcT***- 

• RNS : E>^ , JiS<z> = MM «x>_aUb, < y >_ a U b , p 
, aUb) 

^ z = x * y * A " (-1) mod p or z=(x*y*A A 
(-1) mod p) +viZffi¥-t£ a 

■ RNS ; E>^U^Ii<z> = MEXP «x>_aUb, e, p, aU 

b) 

Zl z = x A e * A " (-(e-1) ) mod p or z = ( x ' e * 

A ' (-(e-1)) mod p) + P fC*B^lT£,, 

•RNSiI<z> = MUL «x>_aUb, < y >_ a U b , a) 
iIT% z=x*y mod A (Igatfflxtyffl^I) &CffiM§-r&o 

• RNSiDl<z> = ADD « x >_ a U b , <y>_aUb, a) 
ZZX. z=x + y mod A m& a T* <D x £ y (DtiUM) lZffimi-£* 
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[0 0 4 0] 

_LfBRN SmW-iZ3SV2>m&.(DBm (a^aUb^) it. RNS^Jg-efUffl 
[0 0 4 1 ] 

_tfBtf)J:-5lCRN S^y^* V mW& J: tfR N S > zl* V s<%mzjS\^T it 

-T&;fc>*>, MM «x>, <y>, p, aUb) <2p1?*5. i£p£@5tt/£: 
RNS^EV^ 'JtStRNS^EV^ U ^^^©ffi^ti V^-ftlfc 2 p^ 

[0 0 4 2] 

*tfrfitt^ :* - * : £J& a , ^J£b, SJSaCO^CD^A, Sj£ b COMH© 
^B, gJga33«fctf3y£b(Z>£g^S<Z>3tAB, B A 2 

SJSa, btCRT^fifCfeWS/^^-^t^XCi^tbt, ^ 
P, q<A , fro. p, q<B «T'*S. ZCDUM, N 
= P*qC*fU 'M<il ; bN<ABi:*5 1 
[0 0 4 3] 

CRT^^^^^t-Sfe^C^gPfr^^im^Sl^X^t-SA^^-^li 

*WA#/^*-# : ft-Sf-lfcC, dp = d mod (p-1), dq = d 
mod ( q — 1 ) , N ( = p * q ) , p, q, p q lC£tt ^>Mjt P i n v 
= p (—1) mod q, q p {C&ttSJI&TG q i n v = q * (-1) mo 
dp 

®2(C, *ff|[i6t 1 ICfeWS C R T^$i©«ll#j|©-flIS:^t t 

S3 ic, *tf»iS« i ©**JMPKWr*«»«rt«&^i\ 

[0 0 4 4] 



ffi$E#2 001-3084634 



#2001-013565 



Uf'^SO) : MAtsrt^t-ZC, dp, dq, N, p, q, pin 
v , q i n v £ A;frt"£o 
[0 0 4 5] 

&T<D^M<Do *>> Xf7^Sl-p~S9-pi:, Xf>y^Sl-q~S9 
- q HVit. ^-?fr<Dftm-$rZ>*TV?S i - P t^f'^/S i - qlCfcV^Tfc 

[0 0 4 6] 

(^y^S 1 - p) 

mi vmmmmffl i 2 7 ^mit, 2jtM^ P $:, maubia^RN 

S ^3E^< p > ( = < P > a U < p > b={p mod a 1 , p mo 

d & 2 > "' ' V mod a n ) U { p mod b^,p mod b 
2 , P mo d b n } ) \Z^M~t^> 0 

• [0 0 4 7] 

1 - q) 

mi<Dm?m.mmi 2 7 ^mmhx. zmmmmait, iiaubiasRN 

S^^<q> ( = <q> a U <q> b= {q mod a 1 , q mo 

d , q mod a n ) U {q mod b 1 , q mod b 

2 , — , q mod b n } ) &Cg£$t"f"-5 „ 
[0 0 4 8] 
(.XTVZfS 2 - p) 

R N S j£fcftH£3P 1 2 2£#iJffiLT, (X^y:/S 1 - pT*##)£*lfc) <p 
>_b^e>, <-p " (-l)>_b Srff-HCf S. 
[0 0 4 9] 
Uf7^S 2 - q) 
R N S jgjCftirgP 1 2 2£frJMLT, (X^V^S 1 - q <q 
>_bfr£, <-q A (-l)>^bS:ff»n„ 
[0 0 5 0] 
Uf7^S3-p) 
PJ^ftmasi 2 9 Sr^JffiLT, bp = B"2 mod p £#m U M 1 
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[0 0 5 1] 

(Xf'V^S 3 - q) 
*JjfctHMPl 2 9 SrfllfflLT, bq=B"2 mod q &fmt U & 1 
^tftftl 2 7 £*rjfl§LT, b q S: 23i»^*^Sl£a U blCkSRN S«3K. 
<b q>(C^i-^> 0 
[0 0 5 2] 
Uf^^S4-p) 

*1 1 2 7£*lJ/St,T, p i n v<&2ii»^J5i#e>3Sj£aUbK: 

iSRNSg3|<p i n v>Clif5 t 
[0 0 5 3] 
Uf7^S4-q) 

H 1 <D^^MWk3 12 7 &ftJM It, qinvS2l»^&S|£aUbK: • 
cfc^RN S*^<q i n v>tC^mt-&o 
[0 0 5 4] 
(^TV r?S 5 - p) 
HhftffJMBl 2 9 SfrjfflbT, Cp=C mod p^!tlU 
m^Pl 2 7&#rjffiLT. Cp$:2ji|lt^^P J ^JSaUblCj;SRNS^Jg<C 

[0 0 5 5] 

(X^^/^S 5 - q) 

2 9 SrfrjfflbT, Cq=C mod q&ftlU 
1 2 7 &$fJMLT, C q 2 3im^^e>«J^a U b RN S^<C 

[0 0 5 6] 
(^T7^S 6-p) 

RNS^EVlf^'Ji^l 2 3l:ftJMl/t, <Cp' > = MM «C p >, 
<bp>, p, aUb) Htltl.. 
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Step-M- 1 
Step-M- 2 
Step-M- 3 

Step-M- 4 
Step-M- 5 
Step-M- 6 
Step-M- 7 



<b P >_a SfflfS. 

<b P >_b z$m?z 0 

< (~P *(-D) >_b£fH 



< s >_ a = <Cp>_ a * 

< s >_b =<Cp>_b * 
<t>_b=<s>_b * 



< t >_ b &< t >_ a s\mmm 

<u>_a=<t>_a * <P>_a*tm-tZ> 0 
<v>_a=<s>_a + <u>_a&ltlt§. 
<C P ' >_a=<v>_a * <B"(-l)>_a$rft#-r^ 



Step-M- 8 : <Cp' >_a£<Cp' >_b^mm 
3*UC J: Cp' = C*B mod p££teCp' = (C * B mod 
p) + p^VA-ftl^lC^-t^RN smm<C p' >^|J!)?)ll§. 
[0 0 5 7] . 
(Xf'V^S 6 - q) 
RN S^>^^ Um#§|5 1 2 3 fcftJMLT, <Cq' > = MM «Cq>, 

<bq>, q, aub) z$m~?z> 0 ftizmmL&Tji^vx&zm 

3 tUC J: U > Cq' = C*B mod q££t£Cq' = (C*B mod 
q) + q^T^^lC^t" 5RN S3t^<C p' >^#^e>4x-2> 0 
[0 0 5 8] 
Uf^S7-p) 

RN S^yzi* U^#fflg|5 1 2 4 £#JfflLT. <mp' > = MEXP «Cp 
' >, dp, p, aU b) 1t$m-t2> a 

Step-E-l : i=k£-f£ 0 <y>_aUb=<B>_aUbi:t5„ 
Step-E-2 : <y>_aUb=MM « y >_ a U b , <y>_aUb, N 

, aUb) fcitnirs. 
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Step-E-3 : dp_i = l&e>tf, < y >_a U b — MM (<y>_aUb 
<Cp' >_aUb, p, aUb) &$i%?Z> 0 dp_i#U^H &IC 
feL&VN (nop) „ 

^rT% dp_itt d ptf)2j§*3l (d p_k, dp_k-l, dp 
_1) IZ&tfZT&frb i ¥y S B©<tT»*S. 

Step-E-4 : i = i- UtS„ 

Step-E-5 : i = 0&£>k£, »7t5. i * 0 ft 6 tf, Step-E-2 ^M&o 
rtUC J: »J, mp' = (Cp'dp) *B mod p^fettmp' = ( (C 
p'dp) *B mod p) + p©^T4T^lC*fJ&t" £RN S^!<mp' > 

[0 0 5 9] 
(T.'TV^S 7 - q) 

RNS^rf* V^mmi 2 4 fcflJMt/T, <mq' > = MEXP «C q 
' >, dq, q, aUb) fclfHt^S,, 5felC^^ L T to =f U 

r*UC£U> mq' = (Cq"dq) *B mod q ££ttmq' = ( ( 
Cq'dq) *B mod q) + q <D V> ftl^C^f/^-f £> R N S m q ' 

[0 0 6 0] 
Uf7^S8-p) 

RN S=E>zf* U*»8IS 12 3 SrfUJSbT, < t p> = MM «mp' >, 
<q A (-1) mod p>, p, aUb) fctHM"*. 



<s>_a=<mp' >_a * <qinv>_ a &#f ^-f^o 
<s>_b=<mp' >_b * <qinv>_b &#ffff«. 
<t>_b=<s>_b * < (-p *(-!)) >_b£ffj 



Step-M- 1 
Step-M-2 
Step-M- 3 

Step-M- 4 : < t >_ b £< t >_ a /\ 
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Step-M-5 : <u>_a=<t>_a * < p >_ a %$YW-?Z 0 
Step-M-6 : <v>_a=<s>_a + < u >_ a £ff 
Step-M-7 : <t P >_a=<v>_a * < B A (-1) >_ a £itWt -So 
Step-M- 8 : < tp>_ a & < tp>_ b ^W^MM^ £ - 
3tliC J: (J, tp= (Cp'dp) q" (-1) mod p £fcl± t p = ( 
(Cp*dp) q" (-1) mod p) + p (Di<^irtlfr\Zftl&~?£ RN Sm 

m< t p>*^fe^ti-5o 

[0061] < 
Uf^S8-q) 

RN S^E>rf* U^JgtS 1 2 3 SrftJSLT, <tq> = MM«mq' >, 

<p a (-i) mod q>, p, aub) ztm?z>o mzmm 

£*WCJ: y, tq= (Cq'dq) p" (-1) mod qjfefctet q = ( 
(Cq"dq) p* (-1) mod q) +<KD\,\"f1MMZM]&'t&RnS& 

[0 0 6 2] 

(XTVJS 9 - p) 

RNSmBSPl 2 5 OTLT, <up> = MUL « t p >, <q>, 
aUb) &!flt5. 
£*UC«fc*K up = tp*q mod AB IZftfo-tZ RN Sm*%< u p 

[0 0 6 3] 

Ufy^s 9 - q) 

RN S^Hasi 2 5 SrjpJfflLT, <uq> = MUL « t q >, < p >, 

aUb) &itwrs = 

rtltC*y, uq=tq*p mod A B CM t S R N S M< u q >^ 
[0 0 6 4] 
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Uf*;/S l 0) 

RN smW-l 2 6 fcfrj/gLT, <m' > = ADD «up>, <uq>, 
aUb) £ft3¥i-£ 0 
rtltCfclK m* =up + uq mod ABC^fSRNSiJKm' > 

[0 0 6 5] 

U^y^S 1 1 ) 

f2 0«iS!l 2 8 *mmLX. <m' >&RNS^ (ilaUb) 
Uf'^S 12) 

m' femJCntf-'T* (^jg£i±£) . 
Uf»yysi3) 

m* <0tfe§»»5. m' <0-e&tt*U£, Xf7^S12Al5 
(Xf7^S 15) 

&£> ^f^^S 1 2~X^y 1 5tt, Mx.tf®4 0)^v^ S 2 1 ~* 
[0 0 6 6] 

[0 0 6 7] 

±iB3UElCa5V*T> XfyyS5-p, S 6 - p «fc :/ S 5 - q, S 

6-q"eii> Cp' =C*B mod p(+p) fcitfCq' = C*B mo 
d q (+q) fcftHLTfc*;, &CML£®Stf>CRT/^3ftT*tf> (Step-C 
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-2) (DjUMKttJ&LX^&o 

7 -j> 3S£TfX"rV7S M^(D C R T ^UtTr© (Step 

-C-3) 0)MSU:*fjGkLTV^ o 

^f i y^S8-p, S9-P, S8-q, S9-q, S 1 0 $fcfCM L £ 
mnOCRT^gmW (Step-C-4) (Df&MiZMfo VX V^„ ntit (Ste 
P-C-4) COmS^v^^cfce) (C^-e^-g>r ^5:f[JMbTVN^ 0 

m = m p * ( q " (-1) mod p ) * q + m q * ( p " (-1) mod q 
) * p (mod N) 

= { m p * ( q (-1) mod p ) mod p } * q + {mq*(p 
* (-1) mod q) mod q} * p (mod N) 

tmmmt. mnmm^m^nvx^cRT^mm^tmxitm' <2nx& 

3 N&.§f<iM#&y, rcDfc&C^&«IE£^^y >^S 1 2is>h*TVZfS 
1 4*T?ffoTV%S 0 m* l±2iiiSc{C^«IL,T^>-g>©'r-iEA©f!I^^^ , Tr^>^>o 

r<Z)«ia^«i:SiiUfcif©CRT^^iT© (step-c-4) ©aiaucfcws 

[0 0 6 8] 

*CRT/<^iiMlT'©MIXf^ttRN S«HC«Tf*ff HT«3&aHHE 
iUgSrMVNT^oTlg-efe-So #C^r>y^S 7 - p h^f-y^S 7-q©RN 

s ^> 3 *vs<%mmmmm<D*¥ z.ti$>\*&v* qjcufr-r^ 

SJSi^-f XnC 2ffc©;f-ijffcfc-5. RN S=E>dT^ U^^^©ft^*« 

, RN s*>3* UiS&»tf>y Nt>f XL_e £#i$y *g > r4W^C;fflii§3- 
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ho £oT. RN S^y^* U ^fUtfmHEM&O (n*2*L_e) 

JUfrfttC, 1 0 2 4 tf>yh©RSAf|#^te o &fg 

Hd. N, Bf-^^CttVA-ftl* 1 0 2 4 \£v MC&£ 0 ^oT> t£5fctf> 
£e>&CRN S^Ttf)^^* 'M^itHlftSi^ frJMi-^Sj^a' (£ 
£Zfb' ) ttS^T^H^3 3 (= 1 0 2 4/3 2 (V - Ki^-f X) + 1 ) h 
*WlfflJ;e)i:CRT^§it'|iMt5Mid p, dq, p 
, q, C&&P, q-T^/M/fefiiC P, C q&V^tlt) 5 1 2 tf y hTfeSfcft 

, mm-thmmei (&j:tFb) «ft{ST^mi& 1 7 (=512/32 c7-K-t>- 

>TX) +1) *<£(DSJS^f!t$:^M^-5©^S^r^©®T«t;^ 

»J^ftB©ft^4S:J:bieLT*So RN S ^>rf* U fUJIXo li, ^<Z)ft 
ITMte, CRT$:M^5^tt, C R T Ttm^te^MiSO 1 /4 
m(DV4 XiZ-DWXiZ, CRT£Mv>3^-£tCl£CRT£:m^&V^-£-© 1/2 
tC&£#\ C RT£MVa£^-£ICI±RN S^rf* U £ 2 ©ftH^ Si&M 

s^yzi* u^smtcit^T, i /4 ©MtR s Am.^&tfmm-e g z> 

„ RN S=E>=f^ 'J 2 o(Z)iaj^T'|Bl^tC^fi-4x«, t*©RN 

a 

[0 0 6 9] 
[0 0 7 0] 

HI 2 (D^MCD? T^f-V rfS 1 - p~S 5 - p (D^MIZ> Xf>^S2-p 

4d^vn (0j^ft^pi 2 9 ^^jg^m^u i 2 7 zmmm"imizLT. tti^<D 

[0 0 7 1 ] 

mZ<D^m<Dot>. T.T-VZfS 1 - p~S 9 - p ^f'^Sl-q 
~S9-q £X*i*. ^^-tn^Mfc-tZXTV^S i - P i:Xf7.7"S i-qt'N 
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-P~S9- P< Sl-q~S9-q©H(t p h £ q A°- h £jg7&l$tC 
^!ot : l)av^b, £T(Dp A- h *mft%i^±T(D q A- h $rH^"T Z> £ 5 (C b 

tfz. p^-bt. qA- Y^n^zt^A ywizmm-tzz. t^m-v^z* 

- hii^M^j^tcii^f-r-sriitjBrtg-e^-So pa- h£ q/\°- btzmnzm 
i& t ^^©if i n&mmv Km-tz ftmnrnM & m 5 ic^-r, 

RN S^y3* USjUISP 1 2 3, RN S^>:f* U^fflgP 1 
2 4, RN Sm%3 1 2 5, RNSftlfl 2 6©m $>Z> V^ti^•tl <b <£> O *> 
RN S=E>rf* U IHIISP 1 2 3i3^XfRN S^yzi^ U ^£HtgP 12 4 <D<^, & 
Z>\^Z^ft£>COO *>RN S^>=f* U ^£SHgP 12 4 M^SBTtglC L 

Tp A- hi: q;t- hh£#?m&c|g^£^t,^fgT*&£o 

3£e>c*i^t-£^£*^fBT-&.5 u sjs©-gp (M^.n x<z>si$: 

[0 0 7 2] 

r*l£T*ML£«^0!lT*tt, pinv = p*(-l) mod q. 
qinv = q*(-l) mod p Zfrfflfr Xtft^ M £^ L £2>\ ^tl & p 

, q^itis-r^ j:e>icLTt>j:v^ ^©^-a-tcii, mssc^-rj:?^ 2mm 
mmT*<Dm9hm&mn%v£L l-t, pj^tt^gp 1 2 9 ^hmusp 130 ©fduc, $ 

^C^ffUgPl 3 1 £tgtt;*U£4:V% 0 
I^!tliil3im 2iii5C^CDS^x^©ffly £Ai;LT, x * (-1) 

(mod y) ztm-tZo z.cotimzmm=L-t v v F(Ds.\&mtmtnz> 

r?lttIS/liI»j , P . 16 2" &c^£*it^£ 0 HEfe 
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[0 0 7 3] 

Z.frt.X'WiWLfcWf&mX'i*. dp = d mod (p-1). dq = 
d mod (q-1) ZK$$fr<bAJ}-tZ>m$:ijilsfcJ)\ -£*i<b£:p> q^»b 

[0 0 7 4] 

pinv, qinv. dp, dqSrp, q fr&ffJM - * <fc 3 IC L fc#-£(Z>#f-3fL 

mm 1 ©^-siDcaJtcwrs * a 6 tc^-r D 

[0 0 7 5] 

*WA#A^ C, dp = d mod (p-l),dq 

= d mod (q-1) , N (=p*q) « P> Q> pinv = p" (-1) 
mod q, qinv = q*(-l) mod p ) (D O *>Bf#:£C&^ 

[0 0 7 6] 

EJ2CDX^^^S l-p~S4 - Pifc^tfX^y l-q~S4-q 
T?3*3*l-6#f-3¥W:, R S A(DiJ^^ ( P , q,. pinv, q i n v) <DfrlZ$i& 
LfctiW-V&Ztf. RS AlCj:5Hf#:£C«izy ^3>#CM&5<^C;tf U R 
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[0 0 7 7] 

R S Aft«it*«P8— >FJE©»-&K:tt, #«|S**e>W:C©*i£A:*J 
£U RSAUSi®W:ft#f§f-^ (p, q, N, <p>, <q>, <- 
P A (-D >_ b , < - q * (-1) >_ b , <bp>, <bq>, < p i n v >, < 

qinv>, <b P >, <bq» it. =?&>mm3Kmm.i,T&< j^tcuT* 

£Ai7-r£tjtf>£: U RSAi»*Mt^r-^ (p, q, N, <p> 

, <q>, <-p * ("D>_b, <-q " (-l)>_b, <b p>, <b q>, < 
pinv>, <qinv>, <b P X <bq» &«»JM«*K#Jfctf 
^IBISgP tcfH'B bTJSt, ^fflS h Ail £ 4x fctti8J8Mt«K*f JS^ £ * © & ga« 

[0 0 7 8] 

2S^«J£SrMV%S«-a-lC, «JSa= {a x , a £ , a nl } £ 

fijgb= { b x , b 2 , b n2 } (COV^T, , n 1 - n 2 = n £ VTWiffllstc. 

t>\ n 1 =*n 2 il-TSr £t>HrtgT&£o 
[0 0 7 9] 

fl&#3Eil (C = m " e mod N) (m = C * d mod 

[0 0 8 0] 
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AZO SlZffi.fr&AjT*m^2>J&m*>$>Z>o Mill ¥##ISfi£ bT0f£ 

U AV«#^>**li*«©«*»cfll^.Sii:t)BriBTf*«. 

[0 0 8 1] 

v t=. »; , ■ n e> & ffl*-&*3*fc y & ^ £ & if fc j: o xm •? n* M^^m^ «rti 

So 
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[0 0 8 2] 

[0 0 8 3] 
[^CD^HI] 

immoffim&mm] 
[mi] 

[02] 

mmmm iz & %\ mmm <d #m^m <d — m z b t y n - ^ - h 

[04] 
[0 5] 
[0 6] 
[0 7] 

0 

[08] 

mmmmm k m % ft nmm <d mm m ic b v % t m ? s & * © 0 
1 -tm^e 

1 1 -AffliJS 
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C START ) 



S1-p- pf<p>(c 



C,dp,dq,N ) p,q I pinv,qinv$ Xt) 



± 



-SO 



q*<q>«£ -S1-q 



S2-p-^ <-p*(-i)>_b*St* 



S3-p-^ 



bp=B A 2modp£HU, 
bp£<bp>tc£ft 



<-q A (-l)>_b*tt£ -S2-q 

S3-q 



bq=B A 2modq£if-Sx 
~<bq>tlf£"~ 



S4-p-j pinv£<pinv>lCl£ft 

I 

S5-p-^ 



bq£<bq>t::gft 



S6-p v 



Cp=Cmodp$tf3f, 
Cp£<Cp>(Cgfe 
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